The ornamental Tagetes minuta is a herbaceous plant of the Asteraceae family. T. minuta, a species native to southern South America, is used as a condiment, as a refreshing beverage, and for medicinal purposes. In 2011, disease symptoms of yellowing, root and foot rot, drying of leaves, and plant death were observed in an ornamental marigold (T. minuta) greenhouse in Fars province. The infected plants were collected and transferred to a laboratory. Samples were washed, cut into small pieces, surface disinfested with a 0.5% NaClO solution, and cultured on Potato Dextrose Agar (PDA) acidified to pH 4.5 with 0.5% lactic acid. Based on morphological characters, the causal agent was identified as Cylindrocarpon destructans. To confirm morphological identification, DNA was extracted from isolates using a genomic DNA purification Kit. The region of internal transcribed spacers 1, 2, and 5.8S genes of rDNA were amplified using the ITS4 and ITS1 universal primer set. Fragments of 600 bp were recovered from PCR, purified, sequenced, edited, and deposited in GenBank. The isolates had a 100% identity with all the compared C. destructans sequences. The pathogenicity tests were done with a suspension of 1 × 10 6 conidia per ml homogenised in sterile water. The symptoms on inoculated plants were similar to those previously observed and the fungus was reisolated from the inoculated plants. This is the first documented report of C. destructans as a cause of root and foot rot disease on T. minuta in Iran.
Introduction
Tagetes minuta, a species native to southern South America, is used as a condiment, as a refreshing beverage, and for medicinal purposes (Parodi 1959) . T. minuta is commercially grown and harvested for its essential oils which are used in the flavor and perfume industry as "Tagetes Oil" (Craveiro et al. 1988) . Essential oils are a source of bioactive compounds that are safe for human health and the environment (Souguir et al. 2013) . There is evidence that the secondary compounds in Tagetes, through several different mechanisms, are effective deterrents of numerous organisms, including: fungi (Chan et al. 1975) , pathenogenic fungi that can cause disease in humans (Camm et al. 1975) , bacteria (Grover and Rao 1978) , nematodes, and numerous insect pests. This plant does not have many pests and diseases. So far, only in the root-knot nematode, red spider mite has been reported from this plant (Steiner 1941) . In September 2011, a disease of unknown origin was discovered in an ornamental marigold greenhouse in Fars province. The dying plants showed symptoms of wilt, and the dead ones had lost all their leaves. The roots and the crown of the dead plants were also affected. In the cross section of the crown there was discoloration. The present work was carried out with the purpose of establishing the identity of the microorganisms causing the described symptoms, and to evaluate their pathogenicity. Identification of root and foot rot pathogens by macroscopic and microscopic examinations are not only time-consuming but also challenging. Therefore, application of molecular detection procedures such as polymerase chain reaction (PCR) and sequencing analysis is critical for the accurate determination of these pathogens. There are advantages to using the PCR technique over traditional methods, for detection and diagnosis, because the fungi do not need to be cultured, prior to detection by PCR (Zhang et al. 2006) . Recently, some diagnostic methods based on PCR have been developed for plant pathogen detection (Hamelin et al. 1996; Ippolito et al. 2004; Langrell 2005; Wang et al. 2008; Martin et al. 2009; Huang and Kang 2010) .
Materials and Methods

Isolation
Isolation was made from symptomatic roots and crowns. After washing the material with running tap water for 1 h, small pieces, approximately 4 mm in size were taken from the interface of healthy and diseased tissues. Then, the pieces were surface disinfected by immersing them in 1.5% solution on NaOCl for 30 sec, rinsed three times in sterile distilled water, and plated on Potato Dextrose Agar (PDA) and Malt Extract Agar (MEA) amended with chloramphenicole (25 µg/ml). Plates were incubated at 25-27°C for 3 to 5 days to allow the fungi to grow. For fungal identification, during the incubation period, plates were observed daily for the appearance of fungal colonies.
Morphological characteristics
Morphological characters of isolates in the monoconidial culture were evaluated. The size and form of phialides, microconidia, macroconidia, and chlamydospores were examined for microscopic characteristics. Fifty measurements of each type of structure were made using BioloMICSMeasure software. Radial growth of the isolates was measured on MEA and PDA after 7 days at 25°C. The identification was carried out by comparing the information registered with those published in the specialised literature (Booth 1967; Brayford et al. 2004) .
Pathogenicity tests
For the inoculation tests with the purified culture, 10 ornamental marigold seedlings which were 10 cm tall were used. The plants, were inoculated by dipping the roots (Scheck et al. 1998 ) in a 1 × 10 6 conidial suspension for 30 min. The control plants were dipped in sterile water. Inoculated plants were planted individually in pots containing sterilised soil (2 : 1 sand and soil) and placed in a glasshouse at 24°C in a completely randomised design. Starting 3 days after inoculation, the seedlings were examined periodically for damage to the roots and crown.
DNA extraction and amplification
For DNA extraction, isolates were grown on PDA for 10 to 15 days at 25°C in the dark. Fungal mycelium from pure cultures were scraped and mechanically disrupted by grinding the mycelium with a mortar and pestle to a fine powder under nitrogen. Total genomic DNA was extracted using a genomic DNA purification Kit (Fermentas, UK) according to the manufacturer ' s instructions. The Internal Transcribed Spacer (ITS) regions of nuclear rDNA were amplified with the universal ITS1 (5-TCC GTA GGT GAA CCT GCG G-3') and ITS4 (5-TCC TCC GCT TAT TGA TAT G-3') primers (White et al. 1990 ) on a CORBETT RESEARCH model CG1-96 thermocycler. For ITS amplifications, the samples were prepared as follows: a reaction tube contained 12.5 µl of a diluted DNA sample (1 : 10 or 1 : 100 dilutions of the original extract), 2.5 µl of 10X PCR buffer, 20 pmol of each primer, 1.25 nmol of each deoxynucleotide, 1.5 mM of MgCl 2 and 0.5 U of Taq polymerase (CinnaGen, Iran) in a reaction volume of 25 µl. The thermocycle was carried out according to the following program: an initial denaturation step at 94°C for 3 min; then 30 cycles, consisting of denaturation (30 sec at 94°C), annealing (30 sec at 50°C), and extension (2 min at 72°C); and a final extension step of 10 min was allowed at 72°C before cooling or removing the tubes. Amplified fragments were visualised under UV light after electrophoresis on 1% agarose gels stained with ethidium bromide and run in 1X TBE buffer. The controls, with no DNA, were included in every set of amplification to check the DNA contamination in reagents and reaction buffers.
Sequencing of the amplified ITS regions
The amplification products of all specimens were purified with the GeneJET PCR purification Kit (Fermentas, UK) to remove excess primers and nucleotides. Sequencing reaction was performed on purified PCR products in forward and reverse orientation using the primers used for amplification (ITS1 or ITS4). All DNA sequences of the ITS regions are deposited at the National Center for Biotechnology Information GenBank (NCBI, http://www. ncbi.nlm.nih.gov/Entrez) (Bethesda, MD, USA).
Phylogenetic analysis
Sequences of the internal transcribed spacer regions including the 5.8S gene of rDNA were used to study phylogenetic relationships of the studied isolates. The internal transcribed spacer sequences of rDNA generated in this study were compared to those of other isolates obtained from GenBank. Multiple alignments were performed with CLUSTALW (Thompson et al. 1994 ) using default settings and were manually optimised with BIOEDIT v.7.0.9 (Hall 1999) . Phylogenetic analyses were performed by means of distance and maximum parsimony (MP) methods. Other statistics, including tree length, consistency index (CI), retention index (RI), rescaled consistency index (RCI), informative consistency index (iCI) and informative retention index (iRI) were calculated.
Results
Characteristics of isolated fungus
Only a fungus was isolated from the roots and crowns of infected plants. Based on morphological characteristics in laboratory and greenhouses, the isolates were identified as Cylindrocarpon. The isolates formed microconidia, macroconidia, and chlamydospores. Based on morphology, type and size of asexual structures, isolates were identified as C. destructans. Colony diameter on PDA varied from 30 mm to 55 mm after 10 days of incubation at 25°C in darkness. Colony texture was cottony or felty with aerial mycelium in the centre or over the entire colony (Fig. 1A) . The colony colour varied from white to cinnamon (Fig. 1A) . Zonation was absent in PDA. But in MEA, all the cultures formed concentric zones. The colony margin was even in both media. Sporodochia were produced in both PDA and MEA. Conidiophores, unbranched or branched, arose abundantly from the aerial mycelium and the agar surface. The phialides measured 15-30 × 2.2-3 µm. The microconidia were hyaline, cylindrical, and 5-8 × 3-4.5 µm. The macroconidia were hyaline, cylindrical with rounded ends, and 1-3 septate (Fig. 1C) .
Pathogenicity
None of the control plants died, while 80% of the plants inoculated with C. destructans died at two weeks and the rest died during the following three weeks (Fig. 1E, F) .
No Cylindrocarpon was isolated from any of the control plants. In inoculation tests, C. destructans inoculated onto seedlings can cause the same symptoms as observed in the field. The only fungus consistently isolated from the experimentally infected seedlings was C. destructans, which demonstrates that it is the cause of black root rot and crowns of T. minuta. 
Molecular study
All Cylindrocarpon isolates previously identified based on morphological and culture characters, were amplified using the primer pairs ITS1 and ITS4. All of the studied isolates gave strong amplification of a single PCR product of about 600 bp using primers ITS1 and ITS4. Through a Blast search in GenBank, all isolates were identified as C. destructans. All DNA sequences of Cylindrocarpon isolates (accession numbers: KC442298 to KC44302) showed 100% homology with valid sequences previously identified and deposited in GenBank. According to DNA sequence analyses and morphological characters, the isolates recovered from the wood of T. minuta showing black root rot symptoms, could be assigned to C. destructans (Fig. 2) .
Phylogenetic analysis
For the ITS data set, 20 sequences of ca. 600 bp covering the ITS1+5.8S+ITS2 regions were used. Both distance-based and cladistic methods were applied for phylogenetic reconstruction of 20 specimens. The ITS phylogenetic trees inferred by both distance-based (Fig. 2) and cladistic methods (data not shown) showed the same topology, although there were differences in percent bootstrapping. In the cladistic method, the tree length was 634 with CI of 0.83; RI = 0.83; RCI = 0.72 for all sites; iCI = 0.80 for parsimony informative sites and iRI = 0.83. With this, 72 trees were retained. Our isolates were clustered in a distinct monophyletic clade related to Neonectria radicicola from other authors (Fig. 2) . C. destructans was a sister taxon of C. liriodendri [98% NJ (Neihbour joining) and 99% MP]. Our C. destructans isolates had 100% similarity between themselves and only an average of 98 with a range of 93-100% similarity between all C. destructans sequences analysed.
Discussion
Based on morphological characteristics, all isolates of recovered fungi from diseased ornamental marigold belonged to the genus Cylindrocarpon. A cosmopolitan, natural inhabitant of the soil, C. destructans is commonly associated with roots and residues of a wide variety of woody and herbaceous plants, especially in alkaline soils (Samuels 1990 ). This fungus is considered to be a necrotrophic and apportunistic pathogen (Brayfold 1991) . However in this study, the recovered isolates of the C. destructans infected and rotted the roots of healthy, unstressed seedlings, indicating that it is a true pathogen of T. minuta. This plant does not have many pests and diseases and so far, only in the root-knot nematode, has the red spider mite been reported from this plant (Steiner 1941) . Unfortunately, identification of Cylindrocarpon spp. by macroscopic and microscopic examinations, is not only time-consuming but also challenging. This is especially so with some Cylindrocarpon species that do not develop a teleomorphic stage in vitro. Therefore, application of molecular detection procedures, such as PCR and sequencing analysis, is critical for the accurate determination of the identity of the Cylindrocarpon species and helps to effectively treat and control Cylindrocarpon infections in nurseries and fields. Using PCR with the primers ITS1 and ITS4, a fragment of about 600 bp was obtained for C. destructans isolates. Based on ITS gene sequences, these isolates showed 100% homology with C. destructans isolates deposited in GenBank. Subsequently, both phenotypical and molecular data confirmed the identification of the Cylindrocarpon isolates as C. destructans. Analysis of sequence alignment shows that, in the 20 Cylindrocarpon species compared, there are 722 potentially phylogenetic informative sites which are mainly comprised of substitutions, deletions and insertions. We applied both distance-based and maximum parsimony methods. The comparison of the two types of trees illustrates concordance between them and the results were broadly similar. Phylogenetic reconstruction of the combined ITS1, 5.8S subunit, and ITS2 regions of the genomic ribosomal RNA tandem gene repeat, which was applied for identification of species, could discriminate species and put them into their corresponding ITS clade. On the basis of the analysis of mitochondrial ribosomal DNA sequences, the species of Nectria with Cylindrocarpon anamorphs were placed in the genus Neonectria, including Neonectria discophora and N. radicicola (Brayford et al. 2004) . Phylogenetic analysis of isolates based on internal transcribed spacers of rRNA genome put them into one monophyletic lineage. This group is comprised of our isolates which together with authentic isolates of N. radicicola constitute a monophyletic clade. The present study is the first report of C. destructans on T. minuta in Iran.
